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Abstract—Variational assimilation of in-situ data for the 
description of the salinity field in the Berre lagoon is explored. 
The Berre lagoon is a receptacle of 1000 Mm3 where salty 
water from the Mediterranean Sea meets fresh water 
discharged by the hydroelectric plant at Saint-Chamas and by 
natural tributaries. Its dynamics are represented by a 3D 
hydraulic model that simulates the mean tracer and current 
fields. This simulation should be further improved to allow for 
the optimization of the operation of the hydroelectric 
production while preserving the lagoon ecosystem. A 3D-Var 
FGAT data assimilation algorithm is used to correct the initial 
salinity state over a 1-hour time window assimilating 
observations at three fixed buoys each equipped with 5 XBT 
sensors in the vertical every 15 minutes. The minimization is 
performed in a space spanned by vectors of the size of the 
observation vector in order to reduce both memory usage and 
computational cost. The background error covariance matrix 
for salinity is modelled using a diffusion operator. The 
sequential correction of the salinity state improves the 
representation of the strongly stratified salinity field over the 
assimilation window as well as in the short-term forecast. The 
sensitivity of the assimilation to the background error 
horizontal and vertical length scale was investigated in single 
observation experiments as well as in a real case study. 
 
I. INTRODUCTION 
The Berre lagoon is a receptacle of 1000 Mm3 where 
salty water from the Mediterranean Sea, through the Canal 
de Caronte, meets fresh water discharged by the 
hydroelectric plant at Saint-Chamas and by natural 
tributaries (Arc and Touloubre rivers). The Laboratoire 
National d'Hydraulique et d'Environnement (LNHE) aims at 
optimizing the operation of the hydroelectric production 
while preserving the lagoon ecosystem. To achieve this 
objective, improving the quality of the simulation and more 
specifically the description of the salinity state is essential. 
The hydrodynamics of the lagoon is modelled with a 3D 
resolution of the shallow water equations using the 
TELEMAC-3D (T3D) software developed by Electricité De 
France (EDF R&D) coupled with the water quality model 
DELWAQ developed by DELTARES. The proper 
representation of the stratified salinity and temperature fields 
as well as the 3D currents was identified as a valuable 
research objective with direct applications for both electricity 
production and ecological matters. These fields drive the 
time of residency for the water masses in the lagoon and thus 
the phytoplantonic bloom. Indeed, the haline stratification is 
intensified by the inflow of the salty waters from the 
Mediterranean Sea and of the fresh waters from the 
hydroelectric power plant. The deep waters are thus anoxied 
and the nutriments are trapped in the deep waters of the 
lagoon. When the wind blows, mixing occurs, the entire 
water column is oxygenized and the nutriments are 
consumed by the phytoplancton. Three fixed buoys in the 
lagoon and one in the Canal de Caronte are equipped with 
five XBT (eXpendable BathyThermograph) sensors along 
the vertical that measure the temperature and salinity every 
15 minutes. These data are gathered by the GIPREB 
(Groupement d'Intérêt Public pour la Réhabilitation de 
l'étang de Berre) and allow, since 2005, the European 
Comission to ensure that France is applying the decree 
issued in 1987 to protect the Mediterranean waters against 
pollution. 
Preliminary studies on the calibrated 11 vertical plan 
T3D model [1] were carried out to quantify the difference 
between a reference simulation and the observations on a test 
period. Most uncertainty comes from the maritime, fluvial 
and meteorological boundary conditions. More specifically 
the fresh water input from the Touloubre and the Arc 
influents is under-estimated, some fresh water inputs from 
minor influents are neglected and the evapotranspiration is 
over-estimated. The temporal variability of these errors in 
fresh water inputs was partly corrected by adding an artificial 
input at Caronte ranging from 3.5 to 15 m3s-1. With this 
correction, the lagoon mean salinity drift was reduced by 
30% over September-December 2006. Still, the temporal 
intra- and inter-annual variability of this artificial correction 
is difficult to estimate and the hydraulics state simulated by 
the model remains imperfect: the currents tend to be under-
estimated and the difference between the simulated salinity 
and the observations can reach up to several g/l. These 
uncertainties could be corrected with a data assimilation 
(DA) algorithm.  
Significant advances have been made in recent years in 
hydraulic DA for water level and discharge prediction [2], as 
well as for parameter estimation [3], using in-situ as well as 
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Figure 5: Salinity increment (in psu) for the first assimilation cycle a-
Lh=600m and Lv=0.25m, b- analysis salinity field (in psu) for Lh=600m and 
Lv=0.25m. 
CONCLUSION 
A 3D-Var FGAT algorithm was implemented in the dual 
space in order to improve the salinity field description 
assimilating in-situ salinity observations with a T3D model 
for the Berre lagoon. The analysis is achieved over a 1-hour 
window and is applied sequentially every hour. It was shown 
that the corrected field is closer to the observations over the 
assimilation and 1-hour forecast periods at the assimilation 
points. The horizontal and vertical spread of the correction 
around the observation point depends on the correlation 
length-scales prescribed in the background error covariance 
matrix modelled using an implicit 3D diffusion operator. The 
impact of the vertical length scale was studied and it was 
shown that in order to avoid spurious correction between the 
vertical assimilation locations, the correlation length scale 
should be depth-dependent.  This could be achieved using an 
ensemble-based estimate of the correlation length-scales, 
eventually with a temporal variability. In further work, the 
evolution of the salinity increment over time should also be 
investigated in order to verify that the balance between the 
other state variables (temperature, currents) is preserved.  
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